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ABSTRACT 

This report deals with an experimental InTeatlgatlon of the 
ocular hazard associated with exposure to miorowaves.  The studies 
were concerned primarily with determining energy thresholds for 
the production of lenticular opacities (cataracts) In rabbit eyes 
using both CW and pulsed power at selected frequencies in the range 
of 4.2 to 5.5 GHz. 

Preliminary :o the conduct of these experiments, It was necessary 
to derive a technique whereby the microwave power from a relatively 
large cross-sectional area of waveguide could be delivered to 
the small ocular aperture of the rabbit eye.  This was accomplished 
by a modification of the "closed waveguide system" developed by 
Carpenter, In which the eye of an anestetlzed animal terminates a 
length of waveguide.  It was then possible to utilize conventional 
microwave calibration methods for determining power levels at the 
eye. 

Irreversible lenticular damage usually developed within four 
days after ezpoaur«f although In some oases a longer latent period 
ensued between exposure and detectable injury. Accordingly, a 
four week post-lrradlatlon period was chosen as the time Interval 
within whldh lenticular opaclfIcatlon was Included as a positive 
finding. 

To determine cataraotogenlc threshold for a given microwave 
frequency, rabbits were exposed for varying durations to a range 
of power levels.  The criterion for threshold was that quantity 
of energy (I.e., power x exposure duration) which gave rise to 
cataract formation in 50%  of the exposed eyes. Threshold curves 
for both CW and pulsed (.001 duty cycle) microwaves were essentially 
similar Indicating that average power level rather than peak power 
was the significant factor for Inducing cataract.  Furthermore, 
results obtained at 4,2, 5.2, 5.4 and 5.5 GHz suggest that the 
lens Is maximally sensitive to high-frequency microwaves, and there 
Is a monotonlo rise In threshold as the frequency Is reduced from 
5.5 to k.2  GHz.  On the basis of these results. It Is essential 
to extend the range of frequencies studied to 6.0 GHz In order 
that the form of the cataraotogenlc action spectrum be more pre- 
cisely defined. • 
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INTRODUCTION 

Considerable Interest In the ocular hazards of microwave 
exposure has developed In recent years owing to the extensive 
use of powerful microwave transmitters for military, Industrial, 
radlj-navlgatlon and communication purposes. As the power levels 
of microwave systems are enhanced, It baoomes Increasingly Im- 
portant to establish realistic, safe limits for personnel exposure. 
That these limits are freauently exceeded Is attested to by the 
fact that there are now 96 documented cases of human lens Injury 
resulting from microwave Irradiation, as well as several other 
suspected instances of serious Injury, e.g. testlcular tumor. 
Infertility and non-specific cardiovascular and thyroid damage. 
Experimentally, these and other abiotic effects, e.g.. Impairment 
of neural, pulmonary, and hematologlc function, are readily 
demonstrated. 

Although the mechanism for microwave damage Is presumed to be 
thermal In origin, the obstacles to locating the site of energy 
absorption and measuring temperature gxmdlents ^n vivo, makes It 
desirable to employ tissue reaction as the response metric for 
determining sensitivity, Purthermore, slnoe the absorption of 
radiant energy by biological tissues Is Invariably frequency- 
dependent, a ooaplete description of tissue sensitivity Involves 
the determination of an action spectrum.  The latter represents 
the energy required to produce a constant (or criterion) response, 
e.g., threshold, as a function of the frequency of the Incident 
radiation. 

Sufficient data are not currently available, however, to specify 
safe exposure levels for the range of frequencies comprising the 
microwave spectrum.  The present work. Involving Irradiation at 
^.2, 5.2, 5.^ and 5.5 GHz, In both CW and pulsed modes, represents 
a series of measurements to be utilized In the derivation of a 
cataractogenlc action spectrum.  These data enable us to define 
more precisely the relative sensitivity of the lens to microwave 
frequencies. 



METHODS 

A p pa r q t w. 3 . 

The technique employed for ocular irradiation was the "closed 
waveguide" system developed by Carpentar (1962).  This consisted 
of using one eye of «n anesthetized animal as the HF termination for 
a length of waveguide, and enabled the use of standard -nlcrowave 
Instrumentation for precise measurements on the power entering the 
animal's eye. 

Initially, a metal plate with a centered 0.5 Inch aperture was 
placed directly at the end of the waveguide, and eye was centered 
upon the aperture.  However, very large reflections were observed 
(the standing wave ratio was about 30T necessitating the Intro- 
duction of an E-H tuner between the source and the terminal aper- 
ture for purposes of matching.  But certain difficulties were 
encountered with this method.  An E-H tuner without losses of its 
own is capable theoretically of matohing the iris to the waveguide 
so that all of the incident power is delivered to the eye.  In 
this ideal case, it is necessary merely to measure the incident 
power in the waveguide to determine th« power entering the eye. 
Unfortunately, the tuner exhibits substantial losses when required 
to match very large standing wave ratios, and it was necessary 
to estimate the power loss occurring during transmission.  This 
was accomplished by measuring the power transmitted through the 
iris Into a matched detector, on the assumption that the insertion 
loss of the tuner-iris combination did not change materially 
when the E-H tuner was reset to obtain a matched condition with 
the rabbit's eye.  In this way, we estimated the loss to be about 
3.0 - 3.5 db. 

During an experimental session, slight movements of the rabbit's 
eye made it necessary to continuously retune the device, so that a 
fixed tuner setting could not be maintained; i.e., the transmission 
losses were variable. Thus, there existed considerable uncertainty 
as regards power level during a single irradiation, as well as 
between exposures.  In view of these difficulties. It appeared 
that a less abrupt method of terminating the waveguide was required. 

Modification of the Transition Mode. 

In order to achieve a more gradual transition from the wave- 
guide to the animal's eye, i.e., one having lower reflections, a 
special adaptor was designed (cf.Rosenthal et al., 196?).  It 
consists of two sections, the first of whicIPls a transition from 
C-band waveguide (RG-49/U or WR-187, with 1,872"  i 0.87:" inner 
dimensions) to ridged guide; the second is a length of circular 
waveguide.  Both portions use Stycast Inserts of relative dielectric 
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constant 12. The function of the dielectric taper and of the ridged 
-'ulde is fo concentrate the energy normally distributed over a 
iari-e cro?s-sectlon In the rectangular waTegulde, Into a relatively 
small cross-section of approximately one square centimeter. The 
circ:lar waveguide provides a good mechanical link with the anlmal*s 
eye, since it contains a spherical depression to accoir.mo-'ate the 
cornea, and protrudes beyond the adaptor and the bony orbit within 
which the rabbit’s eye Is recessed.

Two Important properties of the transition are Its effective

ness In .-natchlng the eye to the waveguide without the need of a 
tuner, and the low power loss during transmission. The trans

mission efficiency was determined by various methods (calorimetric* 
standing-wave ratios) and Indicated an average power loss of only 
0.23 db for the range of frequencies used In this study (Trimble, 
196?: Blrenbaua, In press).

Procedure.

Rabbits were anesthetized by Intramuscular Injection of sparine 
or promazine HCl (20mgAg) followed about 15 minutes later by 
Intraperltoneal sodium pentobarbital (35 mg/kg). Prior to ex

posure, both eyes were examined ophthalmoscopleally. The left 
*?:'» was then taped open and a few drops of wetting agent was 
Instilled to prevent corneal dehydration; In all cases, *he right 

was snared to serve as a control. The cornea of the -est eye 
was placed in contact with the transition and the slide screw 
tuner adjusted for unity standing-wave ratio. After selecting the 
microwave frequency, the power level was adj’isted to the desired 
dosave and continuously monitored by a thermistor and power meter 
ar*-qrhed to the output arm of a directional coupler. Calibration 
was performed before the start of each experiment and the exposure 
duration carefully timed.

After Irradiation, the rabbit’s eyes were examined for Immediate 
effects. Subsequently, the animals were examined on the fourth 
day following exposure, and at weekly Intervals thereafter. Only 
those Instances of microwave damage occurring within a post-lrradl- 
atlon period of one month are Included as positive reactions in 
the analysis of results.

'■y. -



RESULTS 

The greater part of the year's work was done with pulsed 
(5 ^sec, 200 pps) microwaves at 5.2 GHz although a number of ex- 
posures were conducted at k.2  GHz.  The results of fifty-eight 
experiments at 5,2 GHz with power levels ranging from 702 to 
1134 mw are summarized In Table 1 and shown graphically In Pig. 1, 
Exposure to 702 mw for durations up to 90 minutes produced no 
lenticular opaclficatlon. At 810 mwf however, the exposure dur- 
ation required to produce cataracts with a 50 per cent probability 
was between 30 and ^Omlnutes.  The cataractogenlc threshold de- 
creased to about 20 minutes at 913 mw, was 15 minutes at 1026 mw, 
and was between 7 *nd 10 minutes at 1134 mw. 

The effects of CW power were also studied In a series of twenty- 
three exposures at 5«2 GHz.  Although the source was unstable In 
the CW mode, the results Indicate that thresholds were not sig- 
nificantly different from those obtained with pulsed radiation 
of equivalent frequency and average power. 

Dependence of the cataractogenlc threshold on microwave 
frequency Is suggested by a comparlso» of the foregoing data 
with the results of 22 exposures at k.2  GHz (cf. Table 2 and Flg.l). 
All experiments were conducted at 1026 mw, using pulsed power 
(S^sec, 200 pps).  For these conditions, the criterion for 
threshold was reached In 15 to 20 minutes as compared with 15 
minutes ^or 5.2 GHz of the same power. 



Table 1

Results of 5.2 GHz Pulsed Exposures 

200 pps, Spsec pulses

Averasce Power Level Exposure Duration RuBber of Humber of Ratio of
(milliwatts) (minutes) Exposures Cataracts Cataracts to

Exposures

702 1 0 0

60 2 0 0

70 1 0 0

90 1 0 0

810 30 3 1 .33
40 3 3 1.00

918 15 4 1

20 3 2 .67

30 3 3 1.00

2 2 1.00

1026 10 7 0 0

15 12 6 .50

20 5 4 .80

1134 5 1 0 0

7 4 1 .25
10 6 4 .75

Table 2

Results of 4.2 GH* Pulsed Exposures 

200 pps, !^sec pulses

Average Power Level Exposure Duration !lu»bar of Ihmber of Ratio of 
(ailllwatts) (alnutea) Exposures Cataracts Cataracts to
' _ _  Exposures

1026 15
20

30

8

9

5

1

8

4

.13

.89

.30





Discussion and Conclusion 

T'-e results of this study Indicate that lenticular sensitivity 
tr microwaves Is greater with high frequency irradiation; less 
enemy was required to produce cataracts at 5.2 GHz ^"A^ _ 
Table 3 combines the present results for a power level of 1026 mw  
with those of previous years.  The energy required to produce cataracts 
in 50^ of the exposures Is presented for k.2,   5.2, 5.^. and 5.5 ^HZ. 
Over-all, the threshold energy decreased as the frequency Increased. 
To determine an action spectrum, however, a large range of frequen- 
cies at e.g. two selected power levels, should be Intensively In- 
vestigated during the same experimental period. 

Lenticular opaclfIcatlon is only one of several forms of biological 
damage that are caused by microwaves.  It is, nevertheless, the 
best documented and moat objectively defined sign of microwave 
injury and one which is of major oonoern as regards personnel safety. 
Thus, a systematic examination of the factor« which contribute to 
catakctogenesls can effectively eliminate the use of rather arbitrary 
.nd unrealistic safety practices. These, in turn. ^J«1^^Mon 
unwarranted monomio  and operational burdens on the administration 
of military establishments.  Since the evidence presented here 
indicates that the cataractogenio threshold is frequency dependent. 
It Is essential to extend the range of frequencies Investigated to 
provide a basis for specifying safe exposure levels across the micro- 
wave spectrum. 

Table 3 

Thresholds at 1026 mw 

Frequency     Wavelength    Threshold Duration Threshold Energy 
(GHz) (cm) (min) (Joule3) 

,  c 55 2.6 160 
I'l 5.6 2.8 180 
52 5 8 15.0 920 
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